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A C C E P T E D M
A N U S C R I P T emergency procedures than nonemergency procedures, although both procedures had comparable time duration (p=0.337). By PSM analysis, patients in group M and group A were well matched and no significant difference of intraoperative risk factors and postoperative complications (all p>0.05) were found. Furthermore, incidence of intraoperative risk factors and postoperative complications were similar in both groups ESa and ESb (all p>0.05).
Introduction
Medical errors reportedly cause between 48,000 to 98,000 deaths each year in the USA [1] . Even if medical errors do not cause death, disability or performance impairment could also be traumatic events for patients, especially for those who undergo craniotomy. Understanding indicators of medical errors is critical for reducing perioperative complications in clinical trials.
Given the fact that surgery often requires careful preoperative planning, accurate intraoperative decision making and handling sophisticated instruments and tools, surgeons may have a higher probability to make medical errors when facing emergency surgery. A retrospective study reported that delayed diagnosis or misdiagnosis was one of the leading cause for treatment error complained by the patients [2] . It may not reflect how surgeons work in reality, but it still provides us a glimpse of medical errors in emergency surgery. Some studies found that emergency surgical procedures were more likely to have higher rates of morbidity and mortality compared to elective procedures [3] [4] [5] [6] . These findings are consistent with the notion that emergency surgery poses a level of risk to patients, however, it is still unknown if it is applicable to brain tumor surgeries.
When examining the underlying causes, it is widely accepted that fatigue and sleep deprivation could impair physical and cognition performance, including mood, movement, assessment of disease activity and treatment decision making, and contribute significantly to medical errors [7] [8] [9] . Increased complications in procedures performed by surgeons who had less than 6 hours of sleep, and increased morbidity in nighttime procedures compared to the daytime procedures has been demonstrated by several groups [9] [10] [11] [12] [13] . However, follow up studies did not replicate these findings [14] [15] [16] . Despite conflicting conclusion from different studies, it is still plausible that fatigue and sleep deprivation have certain influence on performance of surgeons and other surgical professions. Apart from acute sleep deprivation and obvious fatigue, neurosurgeons are more likely to get progressively fatigue and sleep loss due to continuous "high stakes" work.
These interesting findings prompted us to investigate the influence of emergency status and hours of operation on perioperative complications in glioma resection. Our objectives were to evaluate the relative ability of emergency status and operative start time to predict short time outcome in glioma patients, and to provide a recommendation about the optimal timing of tumor resection for patients with glioma.
Patients and methods

Patients cohorts
The medical records of patients diagnosed with glioma and received craniotomy at the First Affiliated Hospital of Xi'an Jiaotong University between June 2008 and July 2014 were collected and retrospectively analyzed. The pathology diagnosis was determined by two senior neuropathologists according to the 2016 WHO classification of the central nervous system tumor. A total of 550 patients who had previously provided written consent for their medical records to be used in retrospective studies were retrieved. This study was approved by and conducted in accordance with the policies of the Scientific Ethics Committee of Xi'an Jiaotong University.
Patient demographic characteristics, system diseases (hypertension, cardiovascular disease, lung disease, diabetes mellitus), tumor characteristics (pathology diagnose, tumor location and size), preoperative tumor stoke (defined as hemorrhagic or ischemic stroke within tumor area), pre-and postoperative blood laboratory tests (including blood routine test, blood coagulation function, and liver function), imaging (computer tomography, CT or magnetic resonance images, MRI) and neurosurgical intensive care unit (NICU) durations were recorded. The Karnofsky Performance Scale (KPS) score and perioperative complications were recorded. The operation associated intraoperative risk factors (operation route, starting and finishing time, intraoperative blood loss and blood transfusion), extent of resection (gross total resection, TR, 95-100% of enhancement; subtotal resection, STR, 80-95% of enhancement; and partial resection, PR, <80% enhancement), American Society of Anesthesiologists (ASA) score were documented in operation and anesthesia records. The start of the procedure was defined as the start of skin incision. All the procedures were accomplished by senior neurosurgeons with more than 10 years of neurosurgical experience. Patients were randomly selected to morning surgery or afternoon surgery, those presented with declined consciousness, or newly found severe deteriorated symptoms (severe headache or declined consciousness) and consistently diagnosed tumor stroke or severe edema (brain midline shift >5mm) by CT or MRI when waiting for selective surgery were assigned to emergency surgery (ES).
Patients under 16 years, without complete medical records listed above, presented with uncontrolled systemic disease including abnormal blood pressure and blood glucose even with medication, and acute phase of cardiovascular disease and lung disease were also excluded, and 43 patients were excluded based on these exclusion criteria.
Study design
We grouped the all the procedures into nonemergency surgery group (NES group) and emergency surgery group (ES group) based on emergency status. According to the operative start time, NES group was classified into group M (morning surgery, 8:00 am -1:00 pm) and group A (afternoon or night surgery, 1:00 pm -8:00 pm), and ES group was subdivided into group ESa (daytime emergency surgery, 8:00 am -6:00 pm) and group ESb (nighttime emergency, 6:00 pm -8:00 am the next day).
Body mass index (BMI) was calculated from preoperative height and weight. Prognostic nutritional index (PNI) was calculated as follows: PNI=10×Serum albumin concentration (g/dl) + 0.005×lymphocyte count from peripheral blood.
Intraoperative medical events (blood loss, blood transfusion, operation duration) and postoperative complications were considered as perioperative complications. Postoperative complications were subdivided into severe complications, central nerve system (CNS) complications and systemic complications. Severe complications were defined as death within 30 days, unplanned re-operation within 7 days after operation. CNS complications were defined as seizure, neurological deficit, intracranial infection and cerebrospinal fluid (CSF) leak. Systemic complications included deep venous thrombosis, electrolyte disturbance, systematic infections (pulmonary infection and urinary infection) and other medical conditions arising after surgery. For those recurrent patients, the newly diagnosed neurological deficits rather than presented after prior operation were considered as complications for the current operation.
PSM analysis
To eliminate selection bias and balance the baseline differences, we introduced propensity score matching (PSM) analysis into the present study and thereby simulated random group allocation [17] . Propensity score was calculated by patient characteristics including age, sex, BMI, primary disease, tobacco and alcohol use, KPS, tumor recurrent status, ASA score, blood routine tests, PNI, blood coagulation function, tumor size and location. PSM analysis with 2:1 matching was performed without replacement using a caliper with a width 0.2 of standard deviation.
Statistical analysis
Numerical data were expressed as mean ± standard deviation and compared between two groups with Student's t test or Mann-Whitney U test. Categorical data was presented as percentages and compared with Chi-Squared test. Statistical analysis and propensity score matching analysis were carried out using SPSS 22.0 (Chicago, IL, USA). A p value < 0.05 was considered statistically significant.
Results
A total of 550 procedures performed on 481 patients were retrospectively reviewed. After exclusion of 43 procedures, 507 procedures were selected. Of these cohort of patients, 477 patients underwent nonemergency surgery (NES) and 30 patients underwent emergency surgery (ES). As shown in Table 1 , there were significantly more patients in the group ES presented with either tumor hemorrhage stroke or ischemic stroke (p<0.001), worse preoperative physical status, KPS<70 (30% vs 2.9%, p<0.001), high ASA score (mainly P4, p<0.001), lower BMI (21.8±1.9 vs 22.7±3.1), higher white blood cell count (9.7±3.9 vs 6.8±2.7, p=0.006) and longer APTT times (34.1±7.2 vs 33.5±4.6, p=0.014). Interestingly, patients in ES group were more likely to be found with high grade glioma (grade 3 and grade 4, p=0.057), but there was no difference in tumor location (p=0.627). Notably, those patients in group ES lost more blood (1130.4±1772.1 vs 599.9±404.6ml, p<0.001), received more allogeneic blood transfusion (p=0.036) despite similar duration of surgery (4.82±1.68h vs 4.05±1.27h, p=0.337). Additionally, consistent with previous studies [3] [4] [5] [6] , there were higher death incidence within 30 days (4.6% vs 16.7%, p=0.004), higher rate of neurological function deficit (15.7% vs 33.3%, p=0.012), higher incidence of systemic infection (8.2% vs 33.3%, p<0.001) in ES group (Table 2) .
Within the NES group, 375 patients underwent glioma resection during morning hours, while 102 patients underwent afternoon or night surgery. There were more patients with infratentorial tumor (p=0.015) and lower prognostic nutrition index (40.4±4.5 vs 41.3±3.2, p=0.085), while lacking statistical significance in the morning NES group (group M) ( Table 3) . In order to minimize the confounding bias, patients underwent elective procedures in group M and Group A were matched with the ratio of 2:1 by PSM analysis. Clinical variables including gender, age, BMI, history of hypertension, cardiovascular disease, diabetes mellitus, chronic lung disease, smoking and drinking, blood routine test, coagulation function, PNI, tumor size, location, recurrent status and ASA score were entered. A total of 291 patients (194:97) matched these criteria and all the baseline characteristics were comparable between both group (p>0.05, Table 3 ). Not surprisingly, intraoperative risk factors and postoperative complications did not differ between morning, afternoon or night NES glioma resection (all P>0.05) based on PSM analysis (Table 4) . Interestingly, the patients received afternoon or night glioma resection stayed longer in NICU (4±9 vs 2±1 days, p<0.001) ( Table 4 ).
Since operative workload differed between emergency and nonemergency glioma resection, and performance of neurosurgeons differed between daytime and nighttime shifts, we further compared difference of perioperative complications between daytime and nighttime emergency surgery. We found similar rate of postoperative complications, including all severe complications, neurological complications, regional complications and systemic complications (all p>0.05) between both group. However, we observed more intraoperative blood loss (654.99±304.49ml vs 1493.95±2301.74ml, p=0.061) and more blood transfusion in group ESb (635.29±762.35 vs 546.15±343.06, p=0.072) even though this parameter failed to reach statistical significance (Table 5) .
Discussion
Reducing perioperative complications is always the primary goal of neurosurgeons in particular and all the surgeons in general. With advances in surgical techniques and perioperative management of glioma, complications have declined during recent times [18] [19] [20] . However, complications might be also caused by "non-technical" factors other than instrumentation or management, such as general mood, health, and well-being of the primary surgeon.
The association of emergency surgery and increased postoperative morbidity and mortality is well documented in general surgery, vascular surgery and colorectal surgery by large population based studies [3, 6, 12, [21] [22] [23] [24] . In neurosurgical profession, one report showed that emergency cerebrovascular surgery was associated with higher rates of mortality than nonemergency procedures [5] .In the present study, we confirmed the significantly higher incidence of postoperative morbidity and mortality in emergency procedures involving neurosurgery. Although baseline characteristics were similar amongst the group, patients with a high grade tumor had highly vascularized regions with micro-or massive necrotic area [25, 26] and therefore were more likely to develop tumor stroke. Once developed, hemorrhage or ischemic stroke immediately initiates pathological chain reaction of regional hypoxia, increased vascular permeability and brain edema, local and systemic inflammation storm, then causes worse physical status and worse outcome [5, [27] [28] [29] .
Intuitively, progressive fatigue and sleep loss of the neurosurgeon while "common", can be easily neglected thus causing complications in patient welfare. We have demonstrated that operative start time did not predict postoperative complications in patients that underwent either emergency surgery or nonemergency surgery. Notably, we also found significant difference of NICU duration in nonemergency procedures after PSM analysis (Table 4) . One explanation for these finding is that the influence of mood, A C C E P T E D M A N U S C R I P T movement and cognition impairment on complications could be somehow compensated by the experience and highly sophisticated techniques of neurosurgeon [30, 31] . The other explanation is that experienced attending physicians at our center could have benefit from assistance directly through chief residents or experienced residents capable of handling complex surgical procedures, including craniotomy, drainage placement and skull closure, while the experienced physicians solely performed surgical resection of tumor and less direct hands on procedures. However, these reasoning may not be applicable to junior residents or neurosurgeons [32, 33] .
While the physical and mental status of the neurosurgeon may be a cause of concern in emergency procedures, perioperative complications were less likely in elective glioma resection. Furthermore, while we did not observe a direct correlation of start time of the surgical procedures to higher blood loss and blood transfusion in emergency glioma resection, this observation must be validated in a larger cohort of patients. Given the closed environment of emergency patients, assessing physical/cognitive performance of surgeons and analyzing work flow in emergency room is complicated. Furthermore, simple classification of daytime and nighttime emergency glioma resection was unavailable to predict risk factors for emergency surgery. Further studies are required to study the combined influence of patient physical status, time point of each treatment and physical and mental performance of surgeon on perioperative complications in those with emergency glioma resection.
There are several limitations in this study. Retrospective methodology is the major limitation as outlined in previous sections. Considering it is hard to capture all the potential confounding factors, we include PSM analysis based on as many as 23 clinical variables for patient matching to minimize selection bias. Given the nature of single center study, small sample size is another limitation. As mentioned before, simple classification of daytime and nighttime emergency surgery is not enough to evaluate the physical and mental performance. Also, further studies are needed in other type of craniotomy when expanding our finding to other neurosurgical professions since we do not include other types of brain procedure.
Conclusion
Emergency glioma resection is one of the important risk factors of perioperative mortality and morbidity for patients with glioma. However, operation start time does not necessarily predict postoperative mortality and morbidity, irrespective of in emergency or nonemergency glioma resection. 
PSM propensity score matching , Group M morning surgery, Group A afternoon and night surgery, PNI prognostic nutritional index 
